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1) 以 SiO2 为载体，分别选择不同助剂 Zr、Al、Ti 的硝酸盐浸渍修饰 SiO2，再
浸渍负载活性组分 Co 从而制得催化剂，其中 Zr 修饰的催化剂 CO 转化率最
高，Ti 修饰的催化剂活性不受影响，且 CH4 选择性最低，C5+选择性最高。
表征结果显示，Zr 能够削弱 Co 与载体之间的相互作用力，提高催化剂的还
原度。而添加 Al 使得 Co 与 Al 之间发生反应生成难还原的钴铝酸盐，
CoO→Co 还原峰向高温方向移动，从而影响催化剂活性。添加 Ti 虽然也使
CoO→Co 还原峰向高温方向移动，但是 Ti 提高了 Co3O4 在载体表面的分散
度。 
2) 考察了助剂 Ti 含量对 Co15/SiO2 催化剂的影响，少量 Ti 助剂添加能够有效提




3) 在催化剂 Co15/Ti2.5-SiO2 的基础上，添加活性助剂 Ru 对催化剂进行优化，少
量 Ru 助剂添加能够明显提高催化剂的活性，且 CH4 和 C5+选择性保持不变。
但当 Ru 含量达到 1 %时，催化剂 F-T 反应副产物 CH4 明显增多，C5+选择性
降低。将优选的催化剂进行反应稳定性测试，发现催化剂反应 30 h 后活性明
显下降，XRD 表征结果表明，催化剂失活主要是由于活性组分聚集乃至烧结，
Co















4) 以化学沉淀法制备 Co/ZnO 催化剂，考察沉淀温度和沉淀剂等制备条件对催
化剂结构和性能的影响。活性评价结果显示，90°C 制备的催化剂 CO 转化率
最高，而 70°C 制备的催化剂 CH4 选择性最低，C5+选择性最高，表征结果显
示，沉淀温度不会影响载体与活性组分之间的相互作用，沉淀温度越高，催
化剂孔径越小。不同沉淀剂制备的催化剂评价结果显示，(NH4)2CO3 为沉淀
剂制备的催化剂活性比 CO(NH2)2 的高，而以 Na2CO3 为沉淀剂制备的催化剂
CO 转化率显著降低，这可能与催化剂中含有的 Na+有关，Na+能够明显抑制
催化剂 F-T 合成反应的活性。 
5) 考察 Co10/ZnO 催化剂添加 Ti 助剂的影响，结果表明少量 Ti 助剂的添加可以
提高催化剂的活性，但当 Ti 助剂过量时催化剂活性降低。Ti 的添加量为 0.5 %
时，催化剂活性最高，C5+选择性最好。表征结果显示，Ti 助剂的添加可以
有效增加催化剂的比表面积，且增强活性组分与载体之间的相互作用，提高

























Fischer-Tropsch synthesis (FTS) technology applied to coal-to-liquids is an 
efficient solution to crude oil shortage and a significant response to the clean energy 
development. This study, focusing on Co-based catalyst for F-T synthesis, mainly 
includes two parts. Part one investigates the effect of promoters on the structure and 
performance of Co/SiO2 catalysts, including the varieties and contents of the 
promoters. Part two study the Co/ZnO catalysts prepared by chemical precipitation 
method, which focus on the effect of precipitation temperature, precipitants and Ti 
promoter.  The main results can be summarized as follows: 
1) The SiO2 is decorated by nitrites of Zr, Al and Ti and then used as supports of the 
Co catalysts. The Zr-modified catalysts turn out to be most active, while the 
Ti-modified catalysts have lowest selectivity for CH4 and highest selectivity for 
C5+. Characterization results indicate that Zr modification reduces the interaction 
between Co and the carrier, which elevates the reducibility of the catalysts. Some 
reduction-resistant cobalt aluminates are produced when Al is added to the 
catalysts, resulting in a suppression of the catalyst activity. In the case of Ti 
modification, though the reduction peak moves towards higher temperature, the 
dispersion of Co3O4 on the carrier surface significantly improve. 
2) The impact of Ti content on Co15/SiO2 catalyst has been further clarified. A small 
amount of Ti can effectively enhance the conversion of CO but also reduces the 
selectivity for CH4 and CO2; however, excess Ti content will lead to a decrease of 
the catalyst activity. The reason is that a small amount of Ti can enhance the 
interaction between active constituents and carrier and improve the dispersion of 
active metal. Excessive addition  of Ti, however, leads to a strong interaction, 
which greatly undermines the reducibility of the catalyst. 
3) Ru promoter has been introduced to Co15/Ti2.5-SiO2 catalyst. A small amount of 















CH4 and C5+. Nevertheless, the byproduct of CH4 distinctly increases with Ru 
addition increasing to 1 %, while the selectivity for C5+ decreases. The stability 
test results ascertain that the activity of the optimized catalysts greatly reduced 
after 30 h reaction. XRD characterization reveals that the deactivation is resulted 
by aggregation and sintering of active constituents, which transforms CoO into 
CoSi2O4 and leads to the loss of active sites. 
4) Co/ZnO catalysts prepared with chemical precipitation method and the effect of 
precipitation temperature and precipitants have been investigated. Experimental 
results show that the catalysts prepared at 90 
o
C yield highest conversion while 
those prepared at 70 
o
C exhibit lowest selectivity for CH4 but highest selectivity 
for C5+. Characterization results prove that precipitation temperature has no 
bearing on the interaction between the carrier and active constituents, while a 
higher precipitation temperature results in a smaller pore size. The activity of 
catalysts prepared with (NH4)2CO3 is higher than those prepared with CO(NH2)2, 
while those prepared with Na2CO3 distinctly reduce the CO conversion in F-T 
synthesis. The presence of Na
+
 may account for this as it can seriously inhibit the 
catalytic activity. 
5) The influence of Ti on Co10/ZnO catalyst has been studied in the same way. The 
results demonstrate that proper amount of Ti can promote the catalytic activity. 
When Ti totals 0.5 %, the catalyst reaches the highest catalytic activity and C5+ 
selectivity. Characterization results indicate that Ti is able to increase the specific 
surface area of the Co10/ZnO catalysts, which strengthens the interaction between 
active constituents and the carrier, and enlarges the dispersion of active 
constituents; however, excess Ti will lead to diminish of Co3O4 reducibility. 
Moreover, reaction conditions of the Co10/Ti0.5-ZnO catalyst have been optimized, 
low GHSV enables reactants and intermediate to stay longer at the surface of 
catalysts, which improves the CO conversion and extends the alkyl chain of 
hydrocarbon products. High temperature enhances the catalytic activity but leads 
to desorption of intermediate at the catalyst surface, results in a disadvantage of 















poor heat dissipation may cause aggregation and sintering of active constituents, 
which is detrimental to the reactive stability of the catalysts.  
Key Words: F-T synthesis; Co-based catalyst; Silicon dioxide; Zinc oxide; 

























油对进口的依存度逐年增加。截止到 2011 年我国进口石油量占总量的 55.2 %左
右，受国内产量下降和进口量增加双重影响，2016 年对外依存度高达 65.4 %，





    F-T 合成是指将煤、天然气、生物质经前期工艺制得合成气，合成气经催化
反应得到烃类产物。费托反应生成产物复杂，常温下有 C1-C4 气态烃类产物、
C5-C18 液态烃类产物和 C18 及以上的固态烃类混合物。产物可通过深加工如聚合、
裂解、重整等工艺得到高附加值的液体燃料，即汽油、柴油以及固体产物如微晶
蜡等。目前煤制合成气以及天然气制合成气技术已经具备较为成熟的生产工艺，





















表 1.1 世界上部分石油公司费托合成工艺、催化剂及规模 
公司名称 工艺 催化剂 规模及特点 
南非 Sasol 公司 SSPD 工艺 铁、钴基催化剂 1240kt 工业规模 
Shell 公司 SMDS 工艺 钴基催化剂 500kt 工业规模 
Exxon 公司 AGC-21 工艺 钴基催化剂 50000 桶/d 规模 
Syntroleum 公司 Syntroleum 工艺 钴基催化剂 2000 桶/d 规模 






nCO+(2n+1)H2→CnH2n+2+nH2O         （1.1） 
nCO+2nH2→CnH2n+nH2O              （1.2） 
nCO+(2n-1)H2→CnH2nO+(n-1)H2O       （1.3） 
nCO+2nH2→CnH2n+1OH+(n-1)H2O       （1.4） 
CO+H2O↔ CO2+ H2                  （1.5） 




反应物 CO、H2 与产物之间的反应等等。 
另一方面，对于费托合成反应过程的解释也是多种多样的。目前为止，文献
中报道了多种反应机理，其中认可度比较高的主要是以下几种[6,7,8]： 
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